To investigate waste water treatment plants (WWTPs) as sources of polyfluorinated 20 compounds (PFCs), polybrominated diphenyl ethers (PBDEs) and musk fragrances to the 21 atmosphere, air samples were simultaneously taken at two WWTPs and two reference sites 22 using high volume samplers. Contaminants were accumulated on glass fiber filters and 23 PUF/XAD-2/PUF cartridges, extracted compound-dependent by MTBE/acetone, methanol, or 24 hexane/acetone and detected by GC-MS or HPLC-MS/MS. Total (gas + particle phase) 25 concentrations ranged from 97 to 1004 pg m -3 (neutral PFCs), <MQL to 13 pg m -3 (ionic 26 PFCs), 5781 to 482163 pg m -3 (musk fragrances) and <1 to 27 pg m -3 (PBDEs) and were 27 2 usually higher at WWTPs than at corresponding reference sites, revealing that WWTPs can be 28 regarded as sources of musk fragrances, PFCs and probably PBDEs to the atmosphere. 29
waste incineration facilities, electronic waste dismantling sites or landfills (Agrell et 2002). Although these compounds were studied throughout the entire waste water treatment 71 process, air measurements at or close to WWTPs are usually lacking. Except for one study 72 suggesting spray irrigation of treated municipal waste water as PBDE source (Goel et al., 73 2006), the potential of WWTPs to contribute to the atmospheric contamination with musk 74 fragrances, PBDEs and PFCs is still unknown. In WWTPs, chemicals can be released to the 75 atmosphere by two processes: 1 st by volatilization from the waste water. This process will 76 most likely apply to the volatile syntheitic musk fragrances, volatile lower brominated PBDEs 77 as well as neutral volatile PFCs present in waste water (perfluoroalkyl sulfonamids (FASAs); 78 perfluoroalkylsulfonamido ethanols (FASEs)). 2 nd by aerosol formation. In aeration tanks of 79 thirds of WB's waste water originates from private households and one-third from industrial 106 processes. Both waste water treatment plants were equipped with mechanical sewage 107 treatment, followed by primary sedimentation basins, aeration tanks, secondary sedimentation 108 basins, and digestion towers. Waste water of RB was also treated by a biological phosphorus 109 elimination system. Average waste water volumes at the WWTP effluent were about 2900 m³ 110 (RA) and 23000 m³ (RB). However, a higher waste water flow-through has to be considered 111 for the aeration tanks (waste water + returned activated sludge + internal water circulation). 112
The amount of oxygen pumped through the water in the aeration tanks depended on the waste 113 water 'quality'. Simultaneously to the sampling at the WWTPs, air samples were taken at two 114 reference sites (RA, RB, respectively). The reference sites were located in a distance of about 115 5 km south (RA) or west (RB) to the WWTPs and were not supposed to be influenced by the 116 corresponding WWTP under predominant ('normal') meteorological conditions of this region 117 which are characterized by westerly winds. Details on meteorological conditions during 118 sampling campaign are displayed in table S1, S2. 119
At each site, two high volume samplers (HV1, HV2) (Schulze, Asendorf, Germany; Digitel, 120
Hegnau, Switzerland) were operated simultaneously directly above the aeration tanks ( Figure  121 S2) because maximum emissions were assumed to occur there. HV1 was used to collect 122
PFCs. HV2 collected PBDEs and synthetic musk fragrances. At each site four daily (Monday,  123 Tuesday, Wednesday, Thursday) and one three-day (Friday-Monday) air samples were taken. 124
The average sampling volume was about 350 m 3 d -1 . Gas-phase target compounds were 125 enriched on PUF/XAD-2/PUF cartridges (Orbo PUF/XAD-2/PUF cartridges 2500, Supelco, 126
Munich, Germany). Particle-associated analytes were accumulated on glass fibre filters (150 127 mm, Macherey&Nagel, Germany). Prior to the sampling, cartridges for PFC analyses were 128 spiked with 50 µL of an internal standard solution containing 13 Table S6 and S7. 174 175
Quality Assurance & Quality Control 176
All sample preparations and extractions were performed in a clean lab (class 10000). PFC 177 containing laboratory equipment was avoided. Glassware was dish-washed and heated at 178 250 °C for at least 10 h. Prior to the sampling, GFF were baked at 400 °C for at least 12 h. 179 PUF/XAD-2/PUF cartridges were thoroughly cleaned using acetone/MTBE 1:1 for PFC 180 samples and hexane/acetone 1:1 for PBDE and synthetic musk fragrance samples. All 181 standard solutions were only used at room temperature. Seven point calibrations were used to 182 quantify target analytes. Mass-labelled internal standards were used to correct for analyte 183 losses during analysis and measurements. Average recovery rates of spiked mass-labelled 184 compounds ranged from 13 % ( 13 C 4:2 FTOH) to 57 % (EtFOSE D 9 ) for PFC, 83 % ( 13 C 185 BDE47) to 156 % ( 13 C BDE153) for PBDE as well as 97 % (AHTN D 3 ) and 79 % (MX D 15 ) 186 for musk fragrances. (Table S8, 
S9). 187
To determine the level of contamination, field blanks were taken during the sampling 188 campaigns. Additionally, solvent blanks (for gaseous samples) and filter blanks (for particle 189 samples) were analyzed with each set of samples that was extracted. Blank concentrations are 190 reported in the supplemental information (Table S10- The uncertainty of the entire method (sampling, sample preparation, detection) was calculated 202 according to Eurachem CITAC guidelines. It was between 2.6 % (AHMI) and 49 % (ADBI) 203 for musk fragrances, 45 % for BDE183 (Table S14) 
Air Mass Back Trajectories 214
To monitor the air mass origin, seven-days air mass back trajectory were calculated using 215 
Synthetic Musk Fragrances 252
Synthetic musk fragrances were observed in all gas-phase samples and reference sites (Figure  253 3, Table S17 Table S18 ). At RA, particle-phase concentrations were below the limit of 270 detection. Except for ADBI and AHMI in some samples, usually less that 1 % of the total 271 musk fragrance concentration was observed in the particle phase. were not observed in any particle-phase sample. 277 278
PBDEs 279
Of those PBDEs analysed in this study, only BDE154 and BDE183 were occasionally 280 detected in gas-phase samples (Table S19 ). BDE154 was observed in samples WA2 and RA5 281 at concentrations around 2 pg m -3 . BDE183 was only observed in samples RA3 and RA5 282 (4 pg m -3 ). BDE28, BDE48, BDE99, BDE100, BDE153, BDE154 were not detected in any 283 particle-phase sample and concentrations of BDE209 were below those detected in the filter 284 blanks. BDE183 was detected in all particle-phase samples of WWTPs and reference sites 285 (Table S20) carboxylates and sulfonates at WWTPs were not higher than those of corresponding reference 306 sites. In comparison to their particle-phase concentrations, gas-phase concentrations of 307 selected PFCA and PFSA were about two orders of magnitude lower and thus negligible. 308
Although controversially discussed, it may be that ionic PFC, potentially occurring in the gas 309 2009). However, it should be noted that data on ionic PFC in the gas phase is quite uncertain 312 because of concentrations at the detection limit and low recovery rates (about 50 % for PFOS, 313 < 10 % for PFCA). Overall, these results indicate that emission of PFC-loaded aerosols or 314 gaseous PFCA and PFSA is, if at all, of rather minor importance. 315
316
In contrast to ionic PFCs, total concentrations of airborne volatile PFCs were higher at 317
WWTPs than at corresponding reference sites by a factor of 1.5-2 (WA/RA) and 1.5-4 318 (WB/RB). This difference was significant (p < 0.05) only at WB. Sum concentration 319 differences were mainly caused increased FTOH concentrations at WWTPs. At WB, this 320 difference was statistically significant (p<0.05). Additionally, concentrations of gas-phase 321
EtFOSA and MeFBSA were significantly higher at WB than at RB. The presence of Musk fragrances concentrations were significantly higher (p<0.05) at both WWTPs than at 350 corresponding reference sites revealing that musk fragrances volatilize from waste water 351 where they occur in high quantities (Bester, 2004; Chen et al., 2007) . In contrast to studies 352 reporting ATII in waste water (Heberer, 2002) , it was not observed in air samples at WA and 353 WB. Since only 6 % of the musk fragrances were detected in the particle phase, volatilization 354 from the waste water and not aerosol formation seems to be the main removal mechanism of 355 these compounds from waste water into the atmosphere. 356 concentrations differences between musk fragrances and PFCs in water are similar to 385 differences observed at WA and WB. Gas-phase concentrations of musk fragrances and PFCs 386 of both WWTPs were not correlated indicating different sources over the sampling period 387 and/or different partitioning or release from the aeration tanks of WWTPs. 388 389 Except for ionic PFCs in the filter samples, gas-and particle phase concentrations of musk 390 fragrances, PFCs and BDE183 were higher at WB than at WA. At WA and RA, FASA and 391 FASE proportions were quite similar, whereas they were increased at WB compared to RB. 392
Enhanced particle-phase PFOSA proportions were observed at both WWTPs compared to the 393 corresponding reference sites, however, this increase was higher at WB than at WA. 
